Kinematic analysis and surface electromyography were used to study reaching by five subjects with left hemiparesis as they attempted to touch each of three targets. The targets were placed to require movement within and out of extensor synergy. Each subject was tested five times over a nine week period. Over this time, amplitude of peak velocity and sense of limb position significantly improved in the paretic arms. 
Many hours of therapy time are devoted to improving motor control for stroke patients; however, success has been limited.`-2 Lack of knowledge about the natural history of recovery of voluntary movement has been proposed as a reason for limited success.`Longitudinal and cross-sectional studies that used behavioural observations of motor task performance6- 8 have not produced specific enough information to guide remediational therapy of patients with stroke and abnormal motor control. Instrumentation that can provide that specificity has recently been used to examine movement of the affected arm of hemiparetic subjects.
Wing et al9 used electrogoniometry of elbow and shoulder joints and electromyography (EMG) of biceps and triceps. They studied recovery of two-dimensional (XY) reaching in the affected arms of five heterogenous hemiparetic patients. Over a 12 month period, four of the stroke subjects recovered amplitude of peak velocity to a level 85% of that of their unaffected arms and 50% of that of one normal control subject. The authors attributed the improvement to reduced pre-movement co-contraction of the biceps and triceps, but the electromyographical aspect of their study was not well described.
Lough et al3 used electrogoniometry and videotape analysis to examine changes in ability to reach directly forward by a 26 year old male who had suffered a cerebrovascular accident in the right hemisphere two weeks before the start of the study. Over the 10 week recording period, the path of the hand to target became more smooth and direct; the peak and mean velocities increased; and, reciprocally, movement time decreased. The authors attributed those changes to improved force, although they did not measure force production or muscular contraction to verify that supposition. Brooks and Watts10 reported similar changes in quality of reaching by monkey subjects; however, they explained the changes as being secondary to learning. It is important for therapists to 1  42  F  R  22 3  Haemorrhage of lenticular nucleus 17  12  10  and corona radiata  2  60  F  R  12-3  Lacunar infarct of lenticular  25-5  6  11  nucleus  3  64  F  R  12-0  Lacunar infarct of intemal capsule 18  0  18  and cerebral atrophy  4  36  F  R  16-0  Cerebellar hemispheric infarct  32  0  15  with brainstem involvement  5  57  M  L  9 Each of the three targets was a 7 6 cm circle mounted on a shoulder-high standard. All were equidistant from the subject's hand. Target 1 was placed to require only movement within extensor synergy (shoulder adduction and elbow extension).6 Target 2 required reaching directly forward, a movement requiring beginning combination of flexion and extension synergies.6 Target 3 required movement free of synergy (shoulder abduction coupled with elbow extension). Light-emitting diode displays, positioned above each target, reminded the subject which target he or she was aiming for. Data collection started automatically with activation of the display. Start of reach was signalled by a microswitch located under the subject's hand. End of reach was signalled by a microswitch which responded to touch anywhere on the target. The output from all microswitches was processed through the WATScopeTM A/D converter and software. Subject 1 was unable to touch any of the targets during the early visits, so end of reach was determined as the least distance between the diode on her hand and diodes on the targets.
According to Fitts' Index of Difficulty15, the reaching task is rated as 3 70, which classifies it as an open loop task (4 58 or less).'6We would expect, therefore, to see reaches consisting of one continuous movement, which is the shared strategy of normal, mature humans and monkeys when reaching to touch a large target 1017 18 Procedure Each subject was tested five times, approximately once every two weeks. No attempt was made to control for outpatient therapy or involvement in daily tasks. At each visit, clinical measures were taken before application of the electrodes or diodes (see table 1 ).
The subject sat with the shoulder of the arm to be tested directly in line with target 2 and the hand resting on the start pad at the edge of the table. Subjects knew which target to aim for before each trial and were instructed to begin reach when the display above the particular target illuminated. The subject completed three trials to each target before reaching to the next one. Significant learning was not expected within so few trials.19
Data reduction Scores were derived from the raw data using the following procedures. The EMG values for each muscle during reach were normalised in relation to maximum voluntary contraction and reported as %MVC. MVC refers to the amount of electrical activity generated by a muscle during a maximum isometric control contraction done with the muscle in shortened range. Coactivity ratios were calculated for the biceps and triceps, for the anterior deltoid and biceps, and for the anterior deltoid and pectoralis major using the formula of Hammond et al. 20 The two-dimensional kinematic data were converted to three-dimensional coordinates using a direct linear transformation algorithm'4 and filtered at 5 Hz. Values for the speed of the endpoint, here referred to as "velocity", and rate of change of speed, here referred to as "acceleration", were obtained for every 0-01 s from the WATSMARTTM processed files using a custom-written program. The terms velocity and acceleration are used in order to be congruent with the literature. Speed and rate of change of speed are scalar, not vector, quantities, however, and as such, describe movement in three dimensions simultaneously as was the case in this study.
From these files, the variables derived for each reach were: amplitude of peak velocity; time to peak velocity; smoothness of movement (number of steps2' or movement units22); and percentage of first movement unit at which peak velocity occurred.
Data analysis The data were grouped for analysis. Given the low number of subjects and expected variability among them,' 9 this was a conservative approach chosen to discern general effects that would be useful for guiding therapy and would offer insight into the reorganisation of voluntary movement of left hemiparetics. The non-parametric Friedman two-way analysis of variance (subject x condition) for related samples was used.23 The resulting statistic was distributed X7. Relationships among variables were examined using averaged correlations.24
Results Subject 1 lacked endurance to attempt more than six reaches on the first visit; otherwise all subjects were able to reach towards all three targets on all visits, regardless of clinical motor control score. Control of reaching generally improved for subjects 1, 2, 4 and 5, but subject 3's performance deteriorated over time. The results reported here include all subjects, unless noted.
The only significant difference among targets was due to the biomechanical demands of the target locations, that is, the pectoralis major/anterior deltoid co-activity ratio (PMJ AD) significantly decreased (X2 = 8-4, df = 2, p < 002) between targets 1 and 3.
This indicates that the pectoralis major was less active relative to the anterior deltoid for target 3, which required shoulder abduction, compared with target 1, which required shoulder horizontal adduction. All scores were collapsed across targets for further analysis.
In the non-affected arm, reaching performance was essentially normal'8 and did not change significantly over the course of the study.
One clinical variable, awareness of limb position, improved significantly (Xr2 = 9*64, df = 4, p < 0 05) over time (fig 1) . In the affected arm, amplitude of peak velocity also improved significantly X2 = 10-72, df = 4, p < 0 05) over the five visits (fig 2) . The location of peak velocity within the first movement unit was about normal (-50%) ( fig  2) . Over the five visits, time to peak velocity also became more normal as described by Wing and Miller.25 The number of movement units decreased, especially between visits 2 and 3 ( fig 2) . When Subject 3's scores are eliminated, the decrease is marginally significant (Zr = 9.0,df = 4, p < 0-1O). There is reason to exclude her scores because, although the clinical evaluations indicated normal tone and awareness of limb position and ability to move the arm voluntarily within limited patterns, her performance became more erratic over the course of the study, perhaps because of her secondary diagnosis of cerebral atrophy.
MVC, %MVC, and co-activity scores did not improve significantly across visits.
As amplitude of peak velocity increased, both movement time and number of movement units decreased (table 2) . There were positive, but weak, relationships between amplitude of peak velocity and maximum contraction of the anterior deltoid, biceps and triceps. The %MVC of the anterior deltoid, the prime mover,2627 was positively, moderately related to increased amplitude of peak velocity over the five visits. Similarly, the relationship between amplitude of peak velocity and the PM/AD co-activity index indicated that as the peak velocity increased, the anterior deltoid became more active relative to the pectoralis major. From the acceleration and velocity traces (fig 3) , for example, it appears that the subjects of the present study experimented with strategies that sometimes resulted in smoother, more programmed reaches and at other times resulted in discontinuous, sensory-guided reaches. A similar "trying out" of guided and programmed strategies was seen in monkey'0 subjects and in children3' as they learned simple reaching tasks. Programmed and guided modes of control are normally integrated in adults and older children who use each selectively as the situation warrants. '31-33 However, this level of control is learned. Not only are the two modes of motor control not integrated during childhood, but the predominance of one system over the other changes with maturity.3' Ballistic, triggered movement is replaced by guided control of a movement response which, in turn, is supplanted by programmed control and finally, integration of Paris, 4th December, 1677 cc... On Thursday night last I was sent for to My Lady Ambassadice, whom I found in a fit of such violent and exquisite torment that . .. it forced her to such cries and shrieks as you would expect from one upon the rack, to which I believe hers was an equal torment, which extended itself all over the right side of her face and mouth. When the fit came, there was, to use My Lady's own expression of it, as it were a flash of fire all of a suddaine shot into all those parts, and at every one of those twitches made her shreeke out, her mouth was constantly drawn on the right side towards the right eare by repeated convulsive motions . . . These violent fits terminated on a suddaine, and then My Lady seemed to be perfectly well ... Speaking was apt to put her into these fits; sometimes opening her mouth to take anything, or touching her gums, especially in places where she used to finde these throbings; pressing the side of her face by lying on it were also apt to put her in these fits. These fits lasted sometimes 
